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METHOD FOR FORMULATING HEALTHCARE PRODUCTS 
WITH ENHANCED STABILITY 

Background of the Invention 

5 The present invention relates to improved healthcare product formulations, 

including solid pharmaceutical dosages. This application is related to co-pending 

application U.S. Serial No. , "Improved Thyroid Hormone Formulations/' filed 

contemporaneously with the present application and assigned to the same assignee, the 
disclosure of which is hereby incorporated by reference in its entirety, 

10 Modern healthcare product manufacturing processes have become 

increasingly sophisticated. For example, newer techniques for manufacturing 
pharmaceutical dosages involve higher pressures, dry processing, and the like. In 
addition, new compounds are being formulated, including, but not limited to, proteins, 
peptides, enzymes, hormones, nucleic acids and derivatives thereof (collectively, "drugs 

15 of biological origin"). Further, more complex formulations are being manufactured in an 
attempt not only to improve bioavailability and extend shelf-life, but also to reduce 
toxicity and to enable site-specific drug delivery. 

Solid pharmaceutical dosages traditionally have included capsules, tablets 
and other unit dosage forms, each form containing a pharmaceutically or biologically 

20 active ingredient and at least one additional "excipient" ingredient. The excipient, which 
is intended to be a therapeutically inert and non-toxic carrier, may function, for example, 
as a diluent, binder, lubricant, disintegrant, stabilizer, buffer or preservative. 

Various active pharmaceutical ingredients, when admixed with excipients, 
have exhibited problems relating to chemical stability. Some prominent examples have 

25 included lansoprazole, molsidomime, topotecan, levothyroxine, moexipril, oxprenolol, 
Astra FLA 336, nifedipine, prednisone, nitroglycerine, heparin, as well as the above- 
identified drugs of biological origin. 
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In fact, some of the most widely used "inert" excipients may be quite 
reactive in their own right. Drugs can interact with excipients via a number of 
mechanisms, resulting in chemical instability and degradation. The examples are 
numerous: Any easily hydrolyzable drug should not be mixed with a hydrated excipient 
5 if the water of crystallization could be released by the formulating process. If the active 
ingredient has a primary amine function, the use of mono- or di-saccharide excipients 
may lead to amine-aldehyde and amine-acetal reactions. If the active ingredient is an 
ester or lactone, the use of any excipient that might create a basic environment could lead 
to ester-base hydrolysis. Any compound containing an aldehyde moiety should not be 

10 mixed with amine type excipients, in order to avoid aldehyde-amine reactions. Finally, 
the formation of hydrogen bonds, such as those between carbonyl and silanol groups, may 
destabilize a drug. 

Moreover, even where an excipient itself would be inert to the active 
component of a formulation, the excipient still may contain some impurities, such as 

15 unreacted metals or residual solvents, whose origin lies in the processing of the excipient. 
These impurities can then react and/or degrade the drug, and reduce its activity. For 
example, ferric iron catalyzes the oxidation of drugs such as hydrocortisone. Thus, clays 
containing adsorbed ferric iron should be avoided in formulating drugs prone to such 
oxidative degradation. As another example, aldehydes and peroxides may be present as 

20 reactive impurities in polyethylene glycol (PEG). 

Further, although the manufacture of most solid dosage forms requires 
compression forces at some stage, relatively little is known about the interactions that can 
occur between ingredients during, and just after, such compression. There is evidence 
that polymorphic transformation of certain active ingredients or excipients, as well as 

25 solid-solid interactions between certain active ingredients and excipients, can arise upon 
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mechanical handling. The amount of pressure and the duration for which it is applied, as 
well as the number of compressions to which a formulation is subjected, are factors which 
may contribute to the extent of ingredient modification and interaction. For example, 
lubricants, such as magnesium stearate, have been found to have a deleterious effect on 
solid state stability. Compression forces can liquefy low-melting lubricants, which then 
dissolve the drug, changing its properties. 

Various approaches have been suggested in order to prevent such harmful 
interaction between active ingredients and excipients. One possibility is to embark on a 
lengthy, and possibly fruitless, search for alternate excipients. Another possible solution 
is to separate the interacting ingredients by coating either the active ingredient or the 
excipient, or by preparing some kind of partitioned dosage form. However, this approach 
adds complexity and expense to the formulation process. 

Therefore, it would be desirable to provide a reliable, as well as less 
complex and less expensive, method for formulating a pharmaceutical composition while 
avoiding instability caused by interaction of the active ingredient with excipients. 

Summary of the Invention 

In accordance with the teachings of the present invention, a method is 
provided for formulating healthcare products, including solid pharmaceutical dosages, 
with enhanced stability, which overcomes the disadvantages of the approaches suggested 
in the prior art. The method of formulating a healthcare product, including a 
pharmaceutical composition, while avoiding instability caused by interaction of the active 
ingredient with excipients, comprises the steps of: 

(a) selecting an active ingredient that loses stability or potency upon 

interaction with pharmaceutical excipients; and 
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(b) depositing the active ingredient, preferably electrostatically, as a dry 

powder substantially free of excipients, onto a pharmaceutically acceptable 
polymer substrate. 

It is accordingly an object of the present invention to provide a method for 
5 formulating healthcare products, including solid pharmaceutical dosages, with enhanced 
stability, without regard to the nature of any undesirable interaction between the active 
ingredient and certain excipients. 
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Detailed Description of the Invention 

In one embodiment of the present invention, drugs or pharmaceutical 
agents can be formulated into a suitable dosage form with increased stability by- 
depositing the pharmaceutical active agent as a pure ingredient onto a substrate in the 
5 absence of excipients and then processing into an appropriate dosage form therefrom. In 
a preferred embodiment, a pharmaceutical active agent, that has been found to have 
stability problems when admixed with excipients, is deposited, as a dry powder 
substantially free of excipients, onto the substrate by an electrostatic deposition process. 

In the electrostatic deposition process, a cloud or stream of charged 
10 particles of the active ingredient is exposed to, or directed towards, a substrate, at the 
surface of which substrate a pattern of opposite charges has been established. In this 
fashion, a measured dosage of the active ingredient can be adhered to a substrate without 
the need for additional carriers, binders or the like. Thus, in a preferred embodiment, 
pharmaceutically active agents, that normally are unstable when admixed with excipients 
15 and/or subjected to normal mechanical processing conditions involved in the manufacture 
of traditional solid dosage forms, are stable when incorporated into a final dosage form 
using a process of the invention, involving electrostatic deposition. 

Suitable means of electrostatic deposition are described in, for example, 
U.S. Patent Nos. 5,714,007, 5,846,595 and 6,074,688, the disclosures of which are 
20 incorporated by reference herein in their entireties. 

Active pharmaceutical ingredients that would benefit from the enhanced- 
stability formulation method of the present invention include, but are not limited to, 
lansoprazole, molsidomine, topotecan, moexipril, oxprenolol, Astra FLA 336, nifedipine, 
steroids (e.g., prednisone), nitroglycerine, heparin, and drugs of biological origin. It 
25 should be understood that, in addition to the active ingredients included in this list, any 



WO 02/03965 



PCT/US01/21418 



-6- 

other suitable active pharmaceutical ingredient, which demonstrates instability or loss of 
potency when compressed or when admixed with various excipients, can easily be 
identified and selected by those of ordinary skill in the art, by routine testing. 

The preferred deposition substrate is a "pharmaceutically acceptable" 
5 polymer; that is, one that may be introduced safely into the human or animal body, for 
example, taken orally and digested. Ideally, the polymer has received regulatory 
approval and is of GRAS ("Generally Regarded As Safe") status. The substrate polymer, 
preferably in the form of a film, may either dissolve or otherwise disintegrate subsequent 
to introduction into the body, for example, subsequent to or upon ingestion, or the 

10 polymer may be substantially inert and pass through the body, provided that the dosage 
form opens or otherwise releases the pharmaceutical substance from the deposit into the 
patient's body. Suitable materials may include, for example, polymers and copolymers of 
polyvinyl alcohol, polyvinyl pyrrolidinone, polysaccharide polymers, acrylate polymers, 
methacrylate polymers, phthalate polymers, polyvinyl acetate, methyl cellulose, 

15 carboxymethylcellulose, hydroxy ethylcellulose, hydroxypropylcellulose, 

hydroxypropylmethylcellulose, ethyl cellulose, Eudragits (that is, polymers and 
copolymers containing methacrylic acid), starch-based polymers, gelatin and the like. 

Preferred dosage forms, as well as additional useful substrate polymers, 
are disclosed in published international patent application number WO 99/63972, the 

20 disclosure of which hereby is incorporated by reference herein in its entirety. For 

example, a cover film may be applied to encapsulate the electrostatically deposited active 
ingredient, and the resulting stable "core" may be further processed into dosage forms 
resembling conventional tablets, capsules, caplets and the like or processed into non- 
conventional wafers or stamp-like presentations. The preferred dosage forms may be 

25 suitable for oral, transdermal or buccal dosing of appropriate drugs. The method of the 
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invention provides satisfactorily small dosages as may be required, for example, for 
insulin and its derivatives, heparin and other orally absorbed drugs. 



EXAMPLES 

5 Example 1 

The compatibility of various conventional polymer films with 
levothyroxine sodium was evaluated. The goal was to select a suitable polymer film to 
maximize the stability of levothyroxine sodium for electrostatic deposition, and to 
develop a dosage form using selected polymer films. 

10 Each sample was prepared by depositing levothyroxine sodium on a 

polymer substrate, in a drug-to-film ratio of approximately 1:14. Samples were stored in 
individual amber vials with Teflon-lined screw cap closures at 25°C with 60% Relative 
Humidity and at 40°C with 75% Relative Humidity ("RH"). As a control, levothyroxine 
sodium drug substance was stored, without any deposition substrate, in closed amber 

15 vials under the same conditions as the samples. Samples were analyzed at 4 or 6 weeks 
for the presence of degradants (and loss of active ingredient) by means of a stability- 
indicating High Performance Liquid Chromatography method. 

The following polymers and copolymers were evaluated: 

1 . Substrate 1 527-79- 1 : 50% Hydroxypropylmethylcellulose ("HPMC") + 50% 
20 Hydroxypropylcellulose ("HPC") 

2. Substrate 1577-7-1 : 60% Ethyl cellulose ("EC") + 5% HPMC + 35% Triethyl citrate 
("TEC") 

25 3. Substrate 1577-7-3: 60% EC + 5% HPC + 35% TEC 

4. Substrate 1577-6-3: 66% Cellulose acetate phthalate ("CAP") + 5% HPMC + 25% 
TEC + 4% Polysorbate 80 

30 5. Substrate 1577-6-5: 66% CAP + 5% HPC + 25% TEC + 4% Polysorbate 80 

6. Substrate 1527-69-1: 45% HPMC + 45% HPC + 10% Polyethylene Glycol 400 
("PEG") 
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7. Substrate 1527-84-1: 100% HPC 

8 . Substrate 1501-56-3:1 00% HPMC 

The following is a summary of the stability of certain formulations (that is, 
5 the percentage of active ingredient remaining) at four weeks: 



25°C / 60% RH 40°C / 75% RH 

1527-69-1 98.8% 98.8% 

1527-79-1 98.8% 98.7% 

10 1577-7-1 99.0% 

1577-7-3 99.1% 99.0% 

1577-6-3 94.3% 60.8% 

1577-6-5 93.8% 51.3% 
The stability of certain formulations at six weeks was as follows: 

15 25°C / 60% RH 40°C / 75% RH 

1527-79-1 98.7% 98.8% 

1527-84-1 98.7% 98.7% 

1501-56-3 98.6% 98.7% 

1577-7-1 99.0% 98.7% 

20 1577-7-3 98.7% 98.0% 

1527-69-1 98.3% 95.3% 



The results indicate that certain polymers were associated with an 
undesirable loss of active ingredient. However, five of the eight polymer film 
25 formulations were associated with a loss of no more than 2% of the active ingredient 
under stress conditions. Thus, it is apparent that polymers having a high degree of 
compatibility with an active ingredient (that is, which result in negligible loss of the 
active ingredient) can be identified readily from the routine screening of polymers that 
are conventional for pharmaceutical use. 
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Example 2 

The compatibility of three polymer films with ondansetron was evaluated. 
The goal was to select a suitable polymer film to maximize the stability of ondansetron 
5 for electrostatic deposition, and to develop a dosage form using selected polymer films. 



Each sample was prepared by depositing a quantity of ondansetron on a 
polymer substrate followed by folding of the film. Each sample was stored in a high- 
density polyethylene (HDPE) bottle with polypropylene (PP) screw cap at 25°C with 60% 
10 Relative Humidity and at 40°C with 75% Relative Humidity ("RH"). As a control, 

ondansetron drug substance was stored, without any substrate, in HDPE bottles with PP 
screw caps under same conditions as the samples. Samples were analyzed at 2 or 4 weeks 
for the presence of degradants (and loss of active ingredient) by means of a stability- 
indicating High Performance Liquid Chromatography method. 

15 

The following polymers and copolymers were evaluated: 

1 . Substrate 9902 1 0 : Purity Gum, Sorbitol and Pectin 

20 2. Substrate 990 1 93 : 45% Hydroxypropylmethylcellulose ("HPMC") + 45% 
Hydroxypropylcellulose ("HPC") + 10% Polyethylene Glycol 400 ("PEG") 

3. Substrate 990077: Hydroxypropylmethylcellulose ("HPMC") 

25 

The following is a summary of the stability of certain formulations (that is, 
the percentage of active ingredient remaining) at two weeks: 

30 

25°C / 60% RH 40°C/75%RH 



35 



990210 
990193 
990077 



99.8% 
99.9% 
99.9% 



99.9% 
99.9% 
99.9% 
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The stability of certain formulations at four weeks was as follows: 



5 



25°C / 60% RH 



40°C / 75% RH 



990210 



99.9% 



99.9% 



10 



990193 



100.0% 



99.9% 



990077 



100.0% 



100.0% 



1 5 The results indicate that all the polymer film formulations in the study 

were associated with the loss of no more than 1% of the active ingredient under stress 
conditions, indicating a high degree of compatibility with the active ingredient. 

Although the present invention has been described with particular 
20 reference to certain preferred embodiments thereof, variations and modifications of the 
present invention can be effected within the spirit and scope of the following claims. 
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In the claims 

We claim: 

1 . A method of formulating a healthcare product while avoiding instability caused by 
interaction of the active ingredient with excipients, the method comprising: 

(a) selecting an active ingredient that loses stability or potency upon 
interaction with pharmaceutical excipients; and 

(b) depositing the active ingredient, as a dry powder substantially free of 
excipients, onto a pharmaceutically acceptable polymer substrate. 

2. The method of claim 1, wherein the depositing is performed electrostatically. 

3. The method of claim 2, wherein the healthcare product is a solid pharmaceutical 
dosage. 

4. The method of claim 1, wherein the polymer has received regulatory approval and 
is of GRAS status. 

5. The method of claim 4, wherein the polymer is selected from the group consisting 
of polyvinyl alcohol, polyvinyl pyrrolidinone, polysaccharide polymers, acrylate 
polymers, methacrylate polymers, phthalate polymers, polyvinyl acetate, methyl 
cellulose, carboxymethylcellulose, hydroxyethylcellulose, 
hydroxypropylcellulose, hydroxypropylmethylcellulose, ethyl cellulose, 
Eudragits, starch-based polymers, gelatin, and combinations thereof. 

6. The method of claim 3, wherein the active ingredient is selected from the group 
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consisting of lansoprazole, molsidomine, topotecan, moexipril, oxprenolol, Astra 
FLA 336, nifedipine, steroids, nitroglycerine, heparin, insulin and drugs of 
biological origin. 

5 7. The method of claim 3, further comprising: 

(a) applying a cover film to encapsulate the electrostatically deposited active 
ingredient, so as to form a stable core; and 

(b) further processing the stable core into a dosage form resembling a tablet, 
capsule, caplet, wafer or stamp-like presentation. 

10 

8. An improved solid pharmaceutical dosage formulation, comprising a therapeutic 
amount of an active pharmaceutical ingredient, deposited on a pharmaceutically 
acceptable polymer substrate as a dry powder substantially free of excipients. 



15 9. 



The formulation of claim 8, wherein the active ingredient is deposited 
electrostatically. 



INTERNATIONAL SEARCH REPORT 



International application No. 



PCT/USO 1/2141 8 



A. CLASSIFICATION OF SUBJECT MATTER 

IPC(7)" : A61K 9/20, 9/28, 9/14; B05D 1/04 
US CL : 427/2. 14, 458, 466, 475; 424/464, 474, 489 
According to International Patent Classification (IPC) or to both national classification and IPC 



B. 



FIELDS SEARCHED 



Minimum documentation searched (classification system followed by classification symbols) 
U.S. : 427/2. 14, 458, 466, 475; 424/464, 474, 489 



Documentation searched other than iniriimum documentation to the extent that such documents are included in the fields searched 



Electronic data base consulted during the international search (name of data base and, where practicable, search terms used) 
EAST 



C. DOCUMENTS CONSIDERED TO BE RELEVANT 



Category * 


Citation of document, with indication, where appropriate, of the relevant passages 


Relevant to claim No. 


Y 
Y 


US 5,714,007 A (FLETCHER et al) 03 February 1998 (03.02.1998), column 3, lines 34- 
40, 50-55, 65-67, column 4, lines 10-12. 

US 6,074,688 A (FLETCHER et al) 13 June 2000 (13.06.2000), column 3, line 39 - 
column 4, line 28. 


1-9 
1-9 


I | Further documents are listed in the continuation of Box C. | [ See patent family annex. 


* Special categories of cited documents: "T" later document published after the international filing date or 

priority date and not in conflict with the application but cited to 
"A" document defining the general state of the art which is not considered to understand the principle or theory underlying the invention 
be of particular relevance 

"X" document of particular relevance; the claimed invention cannot be 
"E" earlier application or patent published on or after the international filing considered novel or cannot be considered to involve an inventive 
date step when the document is taken alone 

document which may throw doubts on priority claim(s) or which is cited "Y" document of particular relevance; the claimed invention cannot be 
to establish the publication date of another citation or other special reason considered to involve an inventive step when the document is 
(as specified) combined with one or more other such documents, such 

combination being obvious to a person skilled in the an 

"0" document referring to an oral disclosure, use, exhibition or other means 

"&" document member of the same patent family 

"P" document published prior to the international filing date but later than the 

_nrinririi_rf5if<» nAa\m*A 


Date of the' actual completion of the international search 
18 September 2001 (18.09.2001) 


Date of mailing of the international search report 

1 fi NOV 2001/ 


Name and mailing address of the ISA/US 

Commissioner of Patents and Trademarks 
Box PCT 

Washington, D.C. 20231 
Facsimile No. (703)305-3230 


Authorized officer 'r / j 
Amy E. Pulliam (\^[[ [ 1 *° 
Telephone No. (703) 308-1235 

7 



Form PCT/ISA/210 (second sheet) (July 1998) ~ ~ ' ~ ! 

1/ 



